INTRODUCTION
This paper clarifies and extends the argument that KREEP volcanism that produced the Apennine Bench Formation on the Moon is an example of volcanism induced by a large impact, as first suggested although not explored by Spudis (1978) . The recognition of such inducement leads to inferences about the initial conditions of the target on the Moon and the pertinent magmatic processes. Impact-induced volcanism has some ramifications, in particular for the earliest history of the Earth, and these are briefly explored. There is no firm evidence that impacts have induced magmatic activity on the Earth, although such inducement has been proposed for intrusions at both the Sudbury and Vredefort structures, and less forcefully for the initiation of some volcanic flood basalts such as the North Atlantic province. That impact-induced volcanism was responsible for the maria on the Moon was demonstrated to be false by detailed stratigraphic analysis, by imaging of empty basins, and finally by radiometric analysis of lunar samples (summarized by Wilhelms, 1970 Wilhelms, , 1987 . The concept that melt-appearing features in smaller craters such as Tycho were volcanic (the "hybrid" impact-volcanic concept) was replaced by the accepted impact melt hypothesis as understanding of the impact process grew (e.g., Howard and Wilshire, 1975; Wilhelms, 1987) . Apart from a lack of observational evidence, there is a difficulty in under-
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standing possible mechanisms of impact-induced partial melting (as distinct from the production of super-heated total melting). The total heat input from an impact is concentrated into a small proportion of the total crater or basin in the central part; much of that heat goes into producing an impact melt, which is a total rather than partial or induced melt. Further, any post-impact pressure-release effect is rather small, especially on the Moon. Thus most modem workers have been led to discount or neglect impact-induced magmatism.
Magmatism requires not only melt production but melt movement. Impact could facilitate the migration of melt already present beneath a target, for example by crust removal, central peak uplift, and conduit formation by fracturing. Either alone or supplemented with melting from heat input and pressure changes, these processes could conceivably produce nearsurface magmatism. Each of these links in the argument requires explanation and justification. The first four were discussed by Spudis (1978) and to a lesser extent by Hawke and Head (1978) but more information is now available for points 3, 4 and 5.
Apennine Bench Formation postdates the Imbrium Event
Hackman (1966) defined materials that formed moderately high albedo plains near the crater Archimedes as the Apennine Bench Formation, and the name has been extended to other similar plains inside the Imbrium-basin rim that underlie deposits of Imbrian craters and the mare (Page, 1970; Wilhelms, 1970 Wilhelms, , 1987 . The plains of the Apennine Bench Formation ( Fig. 1 ) are located primarily between the second and third rings of the basin. They embay and overlap the terra materials that form the topography of the Imbrium basin and thus must postdate it. They predate the crater Archimedes whose ejecta overlie them, and predate the mare plains, which overlap and embay them and are far less cratered (Fig. 1 ).
Once they may have formed a continuous unit; however, they are now only patchily exposed at the surface. Thus the Apennine Bench Formation is part of the Lower Imbrian Series and is the oldest post-lmbrium unit in the region.
The Apennine Bench Formation is volcanic in origin
Although the surface morphology of the Apennine Bench Formation has been obscured by subsequent events, both Spudis (1978) and Hawke and Head (1978) showed that there is compelling morphological evidence that the plains were not only emplaced as fluids but as volcanic flows and not as an No unequivocal volcanic landforms have been identified (Spudis, 1978) , but some of the abundant grabens and particularly some surface depressions might be related to volcanic activity if they are not all from lmbrium basin subsidence. The Apollo 15 landing site was within 50 km of exposures of the Apennine Bench Formation (Fig. 1) , where it un- Imbrium ejecta (Spudis, 1978; Hawke and Head, 1978) . The chemistry of these fragments as derived from sample analysis is consistent with that inferred for the Apennine Bench Formation; they have a range of about 10-14 ppm Th (e.g. Dymek, 1986, and Ryder, 1988, unpublished data and compilation) . There is no simple alternative to the conclusion that the Apollo 15 KREEP basalts and the Apennine Bench Formation are one and the same. (Ryder, 1989, and in preparation (Fig. 4) (Ryder, 1989 Metzger et al., 1979) . So do some impact melt samples collected at the Apollo 15 site reasonably inferred to be Imbrium impact melt (Ryder and Bower, 1977 by the decompression of the sub-target area following the impact or by heat input from the impact, or both. Both heat and pressure effects would be greatest at the very center of the basin. However, the heat input even for a basin-producing impactor is of very shallow extent (i.e., does not extend greatly below the basin or crater floor) and is mainly taken up by the production of impact melt, and on the Moon the pressure release is rather small. Because of the small gravity field on the Moon, the pressure relief of unloading even 100 km is only 0.5 GPa, and brings a mass of suitable rock only 60°K closer to its melting point (e.g., Melosh, 1989) . The unloading of the lunar lower crust at less than 60 km would have been less than that, and with latent heat of melting to take into account, not much melting can be expected. Thus, if impact-induced crustal melting is responsible for the Apollo 15 KREEP basalts, the source must have been at or very close to its melting temperature anyway, or other melts induced by pressure release of the mantle added their heat to the source of the KREEP basalts by upward movement without either mixing with that source or actually reaching the surface themselves. 
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IMPACT-INDUCED VOLCANISM ON THE EARTH
If volcanism was induced even once on the Moon, a small body, at about 3.84 Ga, then it becomes more acceptable that it was induced on larger, hotter bodies at the same time or earlier if they were subject to a similar population of impactors.
The oldest terrestrial rocks of any significant volume have an age similar to that of the lunar cataclysmic bombardment. Older terrestrial crust either did not exist, was essentially annihilated at that time, or has since been obliterated. A hotter earth at 3.84 Ga was perhaps very susceptible to impactinduced partial melting, causing very extensive recycling even of otherwise non-subductable granitic crust. Planetesimals hitting the Earth at that time would have been traveling faster than those that hit the Moon, and many of them would have been larger (because the Earth's much larger cross-section would have sampled a much larger total number of the same population). The effects of pressure release would have been greater than on the Moon because of the stronger gravity field, the deeper penetration of the larger projectiles, and the presence of more sub-target material close to or above its melting 
